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ABST RACT OF YJl li iJlSCLDSII^ 
A" ulectxode device Tor e lectrLcatijf hosting underground 
deposits of hydrocarbons such as oil sand or oil sh^lo. P*\n-ai 
well pipe sections are joined through Insulated pipe joints with 
an electrode connected through one of thu insulated pipe jointr. 
i> to a lower one of the pipe sections. Each of the insulated plpo 
joints includes a first tubular member h?tv5 ng 3- flange portion 
at. one end tlici-nof, p second tubular member having a tap portion 
at one end ifhich is received in the flan go portion of the first 
tubular member with a gap th.eve-betvfeon , and an insulating member 
10 tfisposod in the £3p lor hermetically coupling the; first smd 
second tubular members 2nd far clftc.tricA'J.iLy insulating first 
and second tubular Ttiamb(3rs from one another. 
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ELliCTROOE DEVICE FOR KLECTMCALLY HEAT TNG 
[WJ>lsRU5lDlJUD DEPOSITS OF HYDRO<:AUftO>JS 



BACgCKQPKD O F THE IttVEWriON 
ThB present lriVoptioiv relates to an electric device 
used tp electrically heat urnSorground deposits of. hydrocarbons. 
More specifically, the present invention relates tu an electrode 
device vdiich is used to supply eloctrlcal power to sd underground 
deposit thereby to heat the hydrocarbons present, in the deposit 
to cause them to have a ."facer viscosity and higher fluidity in order 
to more easily remove thera from the, y«?lJ . 

Tho term ^hydrocarbons 11 as used hereinafter means 
petToleum or oil, bitumen corttainud in oil sand [also called 
"tar sand 11 ) and kerogeti contained in oil shale. These will all 
bg referred as "oil" for simplicity. 

If the oil in the underground deposit lias sufficient 
fluidity, it is possible to extract the oil through the well 
oithor by sas pressure coexisting in the oil layer or by forcing 
a liquid such ^ brine into one well to forco th* q±i to flow 
cut of another veil. Itetfaver, should the underground oil havo 
low fluidity, it cannot extracted until the Q il is made mora 
fluid. A general utethad of making the oil fluid is to heat tho 
oil thereby to lftwfer the viscosity of the ail. The temperature 
suitable for this is different for different type* of oil.' 

There have ho<=m proposed as oil layer heating methods 
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the injection af hot water or water vapors at a high temperature 
under a high pressure, supplying electrical power to the 
underground deposit, underground combustion in which the under- 
ground oil layer is ignited with a supply of air so that it may 
be burned, and the juse of explosives. The last two methods are 

difficult ta contTDl sq that thoy htb ro"t in gonoT-al 'usb, 

According to the method of injecting the hot water or 
water vapor at a high t&mperatura and under a high pressure, 
the oil layer is heated to enhance the fluidity of tho ail to 
cause the fluid oil to flow out to the ground surface. If, how- 
ever, some regions of the oil deposit have a low resistance to- 
the flow of hot water or v/ater vapors or there are voids in the 
oil layer , the tfater or vapors may collect In these regions and 
fail to di££use throughout the whole layer. More-over, if tho 
oil layer ia solid and dense r the hot neater pr its va.pars will 
again no* diffuse so that the oil layer cannot be heated. 

Heating by the supply of electrical pow&r is ^erfu fined 
by dtilliug a plurality of wolls in tho oil layer and hy establish 
ing potential differences between ©lectrodas disposed in the 
wells so that the oil layer is heated by its resistance to the 
electrical current vhich flows therethrough. This toehnitjue is 
advantageous in that the oil layer can be vholly haated with ease 
even if it has voids or is solid and dense. However, another 
device is required for pumping up.; the fluid oil. 

For improving the oil producing efficiency, there has 



further been proposed a Fii>thod which includes a' first step of 
heating the oil Uyor by electrical re^lat-auce heating and a step 
of injecting hot water or water vapors at a high tempera turfi *nrf 
tmdvr a high pressure when the qQ layer becomes soft. whU* con- 
5 tinning the heating so that the resultant fluid all may be pumped 
out. In order to efficiently heat the oil layer, the electrode 
device must be sufficiently electrically Insulated that the leak- 
age of etuctxicHlly current into underground portions other than 
the oil la/ar is avoided as much as possible. Tha electrode de- 

10 vies 5..s also required to be tinhr eatable with respect to the under- 
ground 50 i 2 pressure, the pressure of the vapors which are gener- 
ated by the heating operation, and the pressure of injected hot 
water or hot high pressure water vapors. The electrode device- 
Is further required to be free from laakagG of hat water or hot 

IS high pressure water vapors . 

in order to explain, the electrode device of this general 
type more fully, an example in which the oil is extract ad f rD m 
oil 5un<3 will be described. 

Oil sand, also called "tar sand", is present in l*Tg& 

20 quantities in Canada, Venezuela and the United States. 

The oil in the oil sand is typically mixed with brine between " 
sands in aeposits. Moreover, it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

ZS partially Exposed in a valley or at the banks of 
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a river bat J? most often located entirely underground at it 
dopth-of 200 to 500 ift v?b.j.1.K having a thickness- of several tene 
o£.tnetcr&, toU^ to consideration ol economy euid enviLOiOOiSut*! pro- 
jection, it ifc necessary to separate L>Ut the oil underground and 
to extract only th& oil froTu the mroll. Jtoi-eoyar, since the 
extraction of oil from a shallow underground layer is accompanied 
by a danger of subsidence, it is? desirable to extract oil only 
from underground layers Jying deeper than 300 m. 

Further aspects of the hauler ound d± the invention and 
the .Invention o.f tho present application &re deKcnribeti with 
the a&sistan^e of the accompanying drawings in whisht 

l-'ltj* 1 ia A schematic sectional view Ghowi.ncj a 
conventional prior art installation of the several type with 
which the invention is utilised; 

Uig* 2 is i\ cross -sectional, view of an. insulated pipe 
}oint ot the invention; 

Fig> 3 is a cross- sectional vietf showing Bsvoral joined 
pipe Bactions, an electrode and insula l"-ed pipe joints in accordance 
with the ill vent ion; and 

Piga. 4-7 are a* scries *>£ cross -sectional viewn 
illustrating tha use of. inBulating coating* In accordance with 
the invention - 

Fig. 1 illustrate* the' heating of an oil sand layer, 
J?y Bloc trades cuuplod to □ power supply. In Pig* 2, reference 
nM&ralfl 1 and 11 indicate; pain guide pipes made nf steal, 2 
and i& indicate insulators joined to the main ^uide pipes 1 and 

11 , 3 and 13 indicate electrodes joined to th& insulators 2. ai>a 

12, perforations are. forced in tire electrodes 3 i»nd 13/ and 4 and 
14 indiceitc cables for feeding an electric- current to the ele- 
ctrodes 3 and 13. This assembly ia hereinafter called together the 



11 electrode c5c5vii:e>" . Rcferepnc? numeral S indicate a power 
a^urac, 6 indic^t^e an oil 3cim3 luver r Indicates kii ulcotric 
current Oavlnq bet.ween the ele.ctrodp.B 3 ttnfl 3.3 # B indicates tViC 1 - 
grouncS Emrfura, S indicates an overburden layer K dnd 10 in- 
dicrates a layer belon the nil snntl layer, 

Wheji a voltages is applied to the electrodes 3 and 
13 which arc buri^il in the oil Ranc'i layer 6 from the pow&r 
source 5 through, the* cables 4 and 14, thti currant 7 flows in 
accordance with the electric: f s Unnca of the oil »and Ifiycr 
6 as a result 
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pf which the oil sand layer 6 is heated by Joule' o T resistance 
heating, Although, the current 7 paztaally flows into the over- 
burden lay b r & and" the layer 10, the lwk*^ 15 maintain^ at a 
low level because the insulators 2 apd 12 ar* interposed between 
the main guido pipes 1 and 11 and tba electrodes S and IS. After 
the oil sand layer 6 has been wsrmed, the pow^r supply is inter- 
rupted Hot water or water Vapor? at a high temperature under 
a high pressure are then force* from the upper inlet of tnt main 
guide pl P e l of the electrode device and ft™ through the oil 
5 and layer 6 until they cone out of the other main £»5de pipe ■ 
11 carrying the oil, r» order to improve the flow rata* of the 
hot water or the hot pressure water vapers, perforations are 
formed in the electrodes 3 and 13. 

Since the upper portions of the insulators 2 and 12 
are connected to the main guide pipes 1 and 11 and the lover 
portions are connected with the electrodes 3 and 13, a down- 
ward tensile stress is always applied to the insulators, More- 
over, since the a-s,sec&bly nan be at a temperature as high as 
2S0*C to 300*0, the insulator* should bo ahle to withstand such 
temperatures. Also, since the insulators 2 and 12 ars buried 
underground as deep *s several hundred maters Kith the electrodes 
5 and 13 suspended from rhuir Lower ends with the upper ends 
thureof connected to the maiji guide pipes z and 12, the insulators 
t and 12 mil almost certainly contact or collide with the well 
25 walls whilu they aro lowaxed into thy ice 11. Because of the 



groat total weight, any slight contact will Impose a hi^h Mecha- 
nical impact upon the insulators 2 and 12„ There the 
insulators 2 a^d 12 axe required to be able to withstand anticipated 
levels of mechanical impact. 

5 In an electrode device which hpatp an oil sand layer 

when it Is supplied icitti an electric current, a m&j or problem is 
that the olectric resistance in the oil sand layer is approximately 
equal to the overburden layer. Since Lhese fclectric res 1 s t Prices- 
differ depending on place and conditions, they camiet ^encxaily 

*° be precisely stated. Hawovor, avorug^ values are IfWft-m For 

the oil sand Ih/dt and iflfl-l&oa-m Tor the over burden layer. As a 
result, ii an electric current is supplied 'to ttfo electrode devices 
which are constructed by connecting electrodes to guide pipes m&de 
of steel pipes and by disposing those electrodes in the oil sand 

IS layer, TOO.£t of the current will he eon.stim.od in the overburden 
layer. In order to avoid this problem,, it is necessary ^ithax 
to cover the surfaces of the guide pipes ^ith an insulating coating 
or to Insulate the electrodes from the guide pipes. 

Various at tempts have been made to provide insulators 
which satisfy the iiforenxe tnioned requirements. In one such 
attempt * f lancet* tubular members made of metal ar& coated with 
tfn organic resin which provides a high resistance tq hea.t. An 
appropriate Material is polytetraf luoroethylentj resin (fax example 
"Teflon™" -which zj& trade name of tfu ?Dnt) . With this 

25 construction^ insulating members are provided which are 

satisfactory in their ability to withstand a suspending load 

- 6 - 
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and mechanic* t impact forces. However, it >m.s pjwed quite diffi- 
cult to coat the flange, port-i on 3 satisfactory with The insulat- 
ing Material* Moreover, even if satis factory insulating char- 
acrevl^tics. are presided at ri>cmi temperature, the lii^uliiting 
5 cnating has a tendency to separata, especially around the flange 
portions f due? to repeated thermal expansion and extraction 
such us is typically uncox^ntered in normal operating conditions t 
If the insulation coating is broTton or caused to flake off, rhe 
insulators thus produced become useless. 

it? Tj\ 3 second attempt , porcelain material has been used 

£ot forming the insulators. However, it is cilso necessaiy in 
Constructing the Snsulators to take into account the roquitement 
for providing w$Ur and oil tight characteristics nith respect 
to th& connection between ths main £uide pipes 1 and J.l and the 

IS fcifcutr-odes 5 and 15 as tfull as between the insulating member. 
r ['ht> connection has generally been made by shrink fitting metal 
pipus on the outer peripheral surface of tha porcelain pipe and 
then connected with other metal pipes ordinary technique^ .srjcb 
as voiding or attachment with holts, With this construction, 

20 although the wall or oil ti^ht characteristics may be acceptable 
at room temperature, the strength of the shrink- fitted joints 
tends to drop as the temperature is increased so th&t the ani- 
lity to support tht* suspended load is correspondingly lowered, 
MoroorBT, breakage of the porcelain may taken place as a result 

25 of the stress imposed upon tho leading end portions of ths shrink- 
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fitted areas t order to eliminate suth drawbatk?. , there has 

be eri proposed thy vse o£ a porcelain pLjie having ends formed 
as Hange portions with the flanga portions fastened to metul 
pipes with packing interposed between the contact surfaces. 
5 With this construction, the above- stated requirements are met 
at raom temperature. However, the wet ex and oil tight scaling 
tends to dct«r iomte upon repented thermal oxpansiqn and con- 
traction. Moreover, porcelain intrinsically lacks strength 
against mechanical impact farces. Thus, it has a high tenant:/ 

10 to be broken by a machanical impact force such as is ordinarily 
encountered while f.hf> assembly is lowered through tbt> well. 
Thus, tha predion of a porcelain insulator stiff ex* from the 
unavoidably defdet that there is a high tendency of breakage. 

Yet further, insulators foimod Df organic polymeric 

IS compounds have been proposed. Although such compounds may have 

a high strength at room temperature and are quite good electrical 
insulators, most of the compounds of this general class are not 
particularly heat resistant, Spaci fi tally, very few corftpou^ds 
of this, type axe kuuvfn which are resistant to hot ^tar or 
vapor at high temperature and trader high pressure^ 
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SUMMARY OF Tllh l rtiVENTTQ}? 
In accordantly vfith i-Iica invent i &n y there is i>rovided 
an ciatitrode device for electrically fretting underground deposits 
of hydro carbons including a plurality of well pipe sections, 
5 an electrode adapted to be disposed in an underground deposit 

of hydro carbon s for supplying an electric current to the under- 
ground deposits, a plurality of insulating pipe joints exch 
including u first tubular member having » flauge pgttlon at one 
end thereof, a second tubular member having a cop portion gt 

10 one end thereof adapted to bo received in the flange portion 

of the fir&t tubular member with a gap therebetween and aji in- 
sulating member disposed \j) the gap between the flange portion 
and the c^p portion for herpetic ally coupling the first and 
second tubular members while electrically insulating them from 

IS On? another And with the insulating pipe- joints being, us Bit to 

couple at Least some of the pipe sections together and the elec- 
trode to one of the pipe aettions, and a cab! © connected to the* 
electrode for supplying an electric current thereto. 

At least semt of the insulating pipe joints can bo 

20 interconnected. The insulating member of each of the insulated 
pipe joints includes a first insulating portion disposed in the 
£ap Initt/eciii the flange portion in the tup portion and second 
insulating povtions disposed adjacent inner and outer surfaces 
of the tubular members with the fits* and second insulating por- 

25 tions bein.£ formed integrally with each other. Preferably* the 
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1 insulating jnember of riacU of the insulated P^po . joicita |l; jutulo 

of, a _ lUuss-jmica woldlng termed firom posters of _ slasR and mica. 

An ineulatincj coatintj may be piovided on ah leu&t A portion of 
the outer- ^ar^ace: of tho insulated pipe 3ointr: T This confin.g 
ro&y be & re a in' of polyt^trafluorDLfthyletiu . a resin of dipbenyl 
oxide. Moreover, a protective layer o± insulation can be 
proyiaed aroynd at lea^L a portion of the insulating ceatinij- 
QJhe protective lay&r may be; an inexpensive material. »uch as 
polyethylene, polypropylene or polyvinyl chloride. 
^ Further objects and advantages of the invention will 

appear from the following description taken together with the 
accompanied drawings . 

EESCftlVTXON Of Mffi PREFERRED J5WnOPr«EOTg 

In accordance with the invention, tboro ic provided 
an Bleutrical heating electrode device which is entirely froG of 
the: above-mentioned drawbacks* A preferred ejnbodiineiit o£ 
the ol retrod e device of the Invention will be described in detail, 
iiirBt with re-foroncG to Fig. 2 which shews a trroes- sectional 
view o£ an insulated pipti joint 21 vthiuh is utilised with the; 
1,0 electrode dQVioG of the invention . 

?he pips joint generally designated 21 in Figure 2 
comprises four baaic elementa ; 

a first tubular member ?.?, a second tabular mambar 33 , 
a cylindrical sleeve.-lik& oover member 29, and an insulating 
member 35. 

Vhe first tubular- uriOiuber 22 eompr is ec ^ cylindrical 
tubular: portion 23 with a radially outwardly extending flange 
portion 2A at a lower shown. 

The cecond tubular member 33 comprised a cylindrical 

JO 

tubular portion 30 vifch a radially outwardly extend i_juf hub part* on 
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25 at on uppej; csntf Zfj shown. The into.riox diam&tt?r of tubular 
porUion 30 of the fcecopd t"f>ul-nr number 33- 1? ehov/n identical 
to the interior diameter of tubular portion 23 of the first 

Hub portion 2f~> of the 2nd tubular member 33 is. provided 
with a,n internal annular recess 31 as ihcwn. Huh portion as 
is also provided with external thread b 32 which mate with 
thread's 2S on cover member 29 t-'o be cle cor ibecl. 

^Icevo-likc COVCi; member 29 comprises a cylindrical , 
Uubular, drum-like portion 26 with internal threads. 28 at one. 
lov^r find ^5 shown in Figure 2 and a. ra.dia!3y ipwarcUy extending 
crap portion 27 at the other upper end*, A? shown, tubular portion 

26 has a larger internal diameter that the external diameter 
o£ ^lanefo portion 24 of the first tubular member 22 bo ae tD 
provide a gap therebetween to be occupied by insulating member 
33- Cap portion 27 0J 7 coysr mambar 29 hzie em internal di^m^ter 
larger than the external diameter of tubuJUr portion 23 of tho 
first, tubular jrnember 22 so as to form a <fap therebetween. The in- 
ternal diameter- of cap portion 27 is EiELallex than the external 
diameter of flango portion 24 of tha first tubular member 22. 

preferably the firjit tubular member; 22, second tx^bular 
merabor 33 and cover member ?A are inado. from steel. 

Insulating member 3I> includes an. ov>tex circvTrif erentlally 
insulating portion 36 which surrounds external surfaces of 
tubular portion 2? of firat tubular Juember 22 and an inner cir- 
GuM'erentially insulating portion 37 which fits inside the internal 
annular recesa 31 of hub portion 25 d± the second tubular member 
33. The irnisr insulating portion 3? has the* same internal 
diameter as that of tubular portion 30 of the second tubular roeinber 
33, Ab jaay be Bfien, insulating jneiftber 35 comprises fin integral 
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j member extending from portion 3e> thereof to portion 37 thereof. 
Integral insulating member 35 thus spaces surfaces Ol' ktie Cirst 
ttubu^Ar member 22 from surface: ft of BecOnd tubular mCKtbrir 33 ami 
cover member 29 by a gap occupied as seen in figure 2 hy insula tiny 
ineinbe:i" 35. Insulating member 35 insulates first tubttlftx member 
22 from contact with sooond tubular member 33 ^nd cover member 

h'it'b cover member 25 screwed down onto second tubular 
meimb^r 33 as khown in Figure 2, flangs portion 24 of first tubular 
JO member as encased by insulating member 35 ia s&ndwicbed between 
cover moiobcr 73 and the U£*per end of bub portion 25 of the 
second tubular mombeot 33, vherehy instating irierubea: 35 may form 
a horm&tie ££&1 bott/eon fir&t tubular member 22 and second tubular 
rocmber 33, 

#y screwing cover member 2g onto-, aecond tubular 
member 33, first tubular moinbor 22 may be firmly , sea;l*bly coupled 
to second tubular member 33 yet inaulafci vely isolate, tbe.refrom. 

in assembly, first tubular, portion 22 my be inserted 
through cover mEJnber 29 following whiob COVeT? member 2J> may be 
2Q scrcv/cd onto eecoiid tubular* portion 33. Th£ IflSU Taking member 
35 may be s&&n to occupy a gap between the first tubular xacnaber 
22 and the combination of the second tubular meinb©r 3 3 eind cover 
member 2$. 

Px&larftbly, th^ entire- insulating member is JOftde of 
a competition of glaefc and mica find XS formed by a molding pro- 
cess. The insulating anejub^r i£ formed by hD3l:ing a mixture of 
powers of glass and mica bo a sufficiently high temperature 
thzit tbo mixture become b fluid. Once- the mixture 1? fluid, it 
i& pressure molded U&inc? a mold of appropxiabo Shape. Tho for- 

3° raatton of tbe insulating member 35 will be <aeacirb£>d in more 
detai}.. 
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t The firal; tnhvilar siicanbox 22 ami Ul« Becond tubular 

member 33 art> assembled to be positioned as shown in Fig- 2 and 
axe then heated to a predetermined tCTOperdtur e . The two tabular 
itiembure at the elevated liempraratrtro ate fitted into a T^old. 
tfext, a mixture of glass and micft powder 3 is prepared by pr/t^ 
molding the mixture into the farm ui : a preliralrt*ry molded member 
of a cylindrical shape whioh will *it in the gay between the 
tubular portion 23 of the first tubular member 2 2 and cover member 
The preliminary molded jiiBiubei- is heated to a predetermined 
10 temperature a/id fitted in the cjap in a heated condition. MeXt, 
a pre 6 pure is applied to tb« preliminary molded Member bftfove 
it cools to force the* material of the rubber to i'lov/ into the 
gap betwe-en thB first and second tubular jneTObers and into the 
internal annular recent il in the second tubular member 33^ 

For the material of the preliminary molded member r 
45 wfcfc ot ylaaa powdor prepared by pulverising a ^Xaze used for 
Enamel coa-feing steel objects, cojomeircially available : as Product; 
14o. 2312 o£ Kippon Ferro, *,td. r to £1 eise of 2(K) mesh mixed with 
55 wtft of mica powder 0± synthetic phlogopoite of a b1z£ of 
m l>Q to 200 roegh. 5 wts of water xn added to the resultant mixture 
to.tffct it jso XX can be vnolded. 1500 gm d± the tf^tted mixture 

molded uking a cold pressure rooldin^ process to form a cylin^ 
drically shaped body uBing a itw Id (not shown) . The preliminary 
moldod lrtuNibeJt? disposed in a drier at 120°C for two hours 

to dry it prior to its usb in forming the insulating jnember 35> * 

Ap daacribed above/ the covbl a member 2 9 and the hub 
portion 215 are. joined by screw threads. However r the invention 
ia not limite-c? thereto as the cover member 29 and the bub por- 
tion 25 can be loitied by veldiritj. 
30 in an alternate embodiment, the cap portion 27 of 
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1 the coyer member 29 i& divided inl:o four quadr an Ls tvro Of \*hicin 
are removed, T.h& flarxcro portion 24 of- the first: tubular .member 
22 if: Lbon cut xuvh that the rerikiininrj part of: the lianyu portion 
24 OfUi Tit through the two re>inovod tjuadrnritE <j£ thes o-ap portion 
27 so that the flange portion 24 can be located uncle?: l;he cap por- 
tion 27 uf the ctiver member 25. 

Wi Oh the ipf.ulaUe:<3 p:»P^ noint de-scriber5 ahoy a, a ten- 
sile torco imposed the cmds ol tba joint Id converted into a 
coxnpreBBive force which acta between the cap portion 27 ancl 
1o £lan#e portion 24 T &'inoe the compression pir^ngth of the insula ting 
merabar 35 of tb£ type described is muoh tfrcatcr than its tensile 
strength and since the force j>or Unit arcft can be sui Uably seb 
by a^justlnc? the extent of the area on which the compressive 
forces; arc applied, the resulting assembly is quite strong and 
able> to \cithtftanci hi#h tsatfilG forc&s imposed on the ends of the 
joint. 

JVt high temperatures, for instance 300°C, the heat 
re si J- Et ant characteristics o± the insulating m^mocr aro primarily 
determined by the thermal characteristics of the gla B J5 material 
20 use<* a? fche starting material. Particularly r the transition 
. temperature of this imato.rial 5e important. If" the transition 
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temperature i* a for instance t in a range of ,& C to 600 °C. 
h high mechanical stron^th for the overall assembly will be 
preserved to a Lemperature of at leapt 300 *C> 

Xith TGSpect to the resistance to mechanical impaCt 
$ forces > the mica powder which is u.sed to form the insulating 
member is composed of particles having a flat shape wherein 
the ratio of the diameter to the thinness of n siagle scaTe 
particle ii generally in a .range of 30 to 50:1, Duo to the 
^xestmcc of the sc^le particles, tho molded insulating member 

10 has a laminated form thereby providing It with a lilftli elasticity. 
This high elasticity would not "be present if the insulating 
member were formed only of glass powders. Ihie to the laminated 
construction, tne insulating member is provided with a much 
greater resistance to repeated temperature changes and mechanical 

15 impact forces then is » prior art type of insulating roesrfteT iuade 
Qf an inorganic compound, Therefore, the insulating member 
prodacetf in accordance with the invention is sufficiently strong 
that it can withstand tb& typical impact forces which arc en- 
countered during the use of the structure, 

2 0 Neitt, the copntraction of a preferred embodiment 

of an. electrode device of the invention utilizing the above- 
dosc-ribed insulated pipe joint 21 -rfill be given vith reference 
to Fi£. 3, Reference numerals 1 to 4 used in Tig. 3 indicate 
similar components as those of Fig, 1. The Ti&hthand half of 

25 wig, 3 shows the completed structure of the insulated }>lpe joint 
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21, As shown in the figtire, the insulatiug member 2 Includes 
twD insulated pip*? joints 21, One end of the insula titig member 
2 is- connected to the pipe 1 and the oilier to Lhe electrode 
3. These ConnDCtidiS may bp made by wo'J.J, - toow^ techiri quos such 
5 as aiding or by the use of screw threads. 

As, in accordance with the invention^ the completed 
Sn^tilfitod pipe j^iTit 21 has a common thvoughbgle r>f C^ostant 
internal diameter y the assembly and use thereof is quite easy. 
Tor instance, the pravisiort of the above -described partitions 

10 is quits simple. Of course, mare than twti insulated [>ip& joints 
21 can be provided as needed. Also, one of the pipe joints 21 
can be connected directly to the pipe 1. 

7f n&eded, such a^ in the cass bTincj having a bi^b 
salt concentration is used, the outer surface- of the insulated 

15 pipe Joiist 21 can be covered with a coating 41 of an organic 
substanco having a sufficiently high heat resistant property. 
Thi^ is shown in the loffhand pnxt of Pig. 5. Fox example, the 
coating 41 can be formed by shrink: fittlrtft a "Teflon " tube. 

A,s doiiti-ibtd abova, in acco*datic& with tho Invention f 

ZQ thi> pipes and tha ol octrois are connected through the insulated 
pipe joints. Tensile forces applied at the ends of th* insulat- 
ed pipe joints are converted into compression forces vhich act 
between the cap portions and the flange portions thereof. Since 
the cortipros-sicT) strength of tha insulating mouther is much greater 

25 than the tensile strength thereof, the overall electrode device 
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of the invention has k tiuito high mechanical, strength rind tan 
withstand high pressures and strong mechanical impact forces 
50 that it can be used under SDy<rre operating CPTldi tions often 
encountered in oil well application. 

5 Yet further > the coating 41 and the insulating members 

2 and 12 of the electrode can bu formed from, otiiar materials * 
To determine what materials are best for these members, tests 
were conducted to investigate the resistance or" various organic 
polymeric compounds to hot water and trater vapor at high tempoTatm e 

10 and under high pressure. The compounds iflv es t igated are listed in 
Table 1. herein* 

Regarding the tests, test pioegs of each of the materials 
were placed in quartz test tubes filled with pure water. These 
test tubes were placed in a 2 -liter autoclave containing pure 

15 w^ter. The autoclave was hold at 2S0°C at an internal pressure 
of SB kg/cm 2 for a period of 10 days, THb Autaelave- was then 
cooled to a room temperature and the test pieces veto checked for 
appearance. The results arfc presented In Table Z from which it 
can be seen that hot v/ater and steam had a. much more adverse effect 

20 than dry heat. Of the materials tested* only polytetraf luoroethylenc 
resin find diphraiyi oxide resin ware acceptable. 

A coating of icater. and staam Teslstant resin can be 
formed tLiound the pipe 1 by repeated ly applying coatings of the 
material, und baking the assembly until the desired thickness is 



- 17 - 



1168283 



oblained. Also, a coating of- the heat resistant rei.sn cart be 
formed by first prep&Tisj£ a tube of tho resin having an ln3ide 
diameter slightly larger th^i the outside dianteler at the pipe 
l:.and then slipping the tube over the pipe 1, If the resin 

5 is in the form of a sheet or tape, it m*/ be wound directly around 

the pipe 1 and then fusion -bonded if necessary. As described 
above, a heat - -Hhrinkable tubs of polytetraf 1 uorofrthylftue can 
bo slipped over the pipe 1 and heated to fit it tightly to the pipe, 
A* discussed above, whw the assembly including the 

10 electrode is inserted into the oil wJl, there is uua.voidabio 
cbntaet .with the inner wall of the well so that tbo heat 
resistant Insulating coating may be damaged- To pyavent this, 
protectivE coating o£ insulation 16 may be formed around The 
insulation IS as shown in Fig, 5. Since the protective coating 

IS of insulation 16 may melt or collapse if the electrode is 

exposed to high temperatures, it can be made o£ an inexpensive 
Tnat&xial such as polyethylene-, polypropylene £>r polyvinyl chloride. 

Typically* the total length of the guide pipe 1 is 
200 to 500 m. However, a single section of tht; steel pipe that 

20 makes up the fuide pipe 1 is only about 10 ut Id length, 'S'o join 
the pipe sections, Bach pipe soction i£ provided vith a taper 
thread oti one end and the pipe sections are jaitied by screwing - 
them together. An insulating coating must also be formed around 
the joined parts of the pipe sections and on the surface- of the 

25 coupling. To accomplish this, as shown in Fig, 6, steel pipes 
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1A and ifc are covered with the coaUng of heat assistant insulat- 
ing material ISA and IFB and arc joined by a coupling IV. A 
coatirtg of heat resistant insulation ISC is formed iltdW the 
coupling extcndin E ixito adjacent areas, A heat-shr inkable tube 
of a flDiytetrafiuDroethyl&jie is particularly suitable in this 

To protect thu insulating coatings from dix^t contact 
with the inner va2l of the well, stoei pipe sections IA and IB 
covered with the coating of heat resistant insula ting material 
15A and 1SE ? n <X protective coatings of insulation ISA and 16B 
are first joined through the coupling 17, Thereafter , the coup! it 
16 is coated with the heat resistant insulation 15C and then a 
layer of 16C if formed around the coupling and in the adjacent 
areas as shucm in Fig* 7. 



- 19 



n 



1A and IB are cuvered with the coating of heat assistant insulat- 
ing material ISA and 15B and arc joined by a coupling 17. A 
coating of heaf resistant insulation 1GC is formed around the 
coupling extending into adjacent areas, A heaL-skrinkable tube 
of a polytetrafluDroethylejie is particularly suitable in this 
ease. 

To protect tha insulating coatinfis from ditwt contact 
with the inner uaU of the well* stool pipe sections IA and IB 
covered with the coating of huat resistant insulating material 
ISA and 13 B end protective coatings of insulation ISA and 16E 
are first joined through the coupling 17. Thereafter, the coupling 
16 is coated with the haat resistant insulation 15C and thou a 
layer of 16C if formed around the coupling and in the adjacent 
areas as sham in Fig, 7. 
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Table 2 



Sample. A ppearance 

A OK, 

B Itirned iato a Jump 

C Pa. 

D ' Collapsed 

EI OK. 

B2 Do. 

F Dcu 

G " Tamed into a lump 

H Glass whitened 

(Resin c&me spjrrt} 

J Dp, 
J Do. 
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what is cuaMim mi 

l« ftn electrode device for electrically heating under- 

ground deposits of hydrocarbons comprising: a plurality of ku1 1 
pipe sections; an electrode adapt: td to ha disposed in an under- 
ground deposit of hydrocarbons for supplying an. electric current 
5 t<3 s*id underground deposit > a plurality of insulated pipe joinLs 
each including a first tubular member having a flange portion 
at one end thereof s a second tubular member having a cap portion 
at one end thereof adapted to be received in said flange portion 
of said first, tubular member urith a ^ap therebctweem , and an 

10 insulating member di^ptl^ed in said gap het.we&n said f 1 an gp, por- 
tion and snid cap portion for hermetically coupling said i'irst 
a^d x^econd tubular member and for electrically insulating said 
first and second tubular members from one another, said insulated 
pipe joints being operatively disposed to couple at l«ast some 

IS i>f said pipe sections and said electrode vrtrile electrically 
insulating said at least sdiu of said pipe sections and said 
electrode ^ and a cable connected to said electrode for supplying 
an electric current to said electrode. 

2- The electrode device as set forth in claim 1 wherein 
at least some of said insulated pipe joints are interconnected. 

3- The electrode device as set forth in claim 1 h'herein 
S&id insulating member of each .of said insulated pips* joints 
comprises a first insulating portion disposed in said gap between 
said flaugft portion arid said cap portion, and second insulating 
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portions disposed adjacent inner and outer surfaces of said 
tubular members, said first and second insulating portions 
being formed integrally with each other. 

4- "rlie electi-ode device as set forth in claim 1 ifhereirj 

said insulating member- of ajtcb of said insulated pipe- joints 
is (&3<te oT a ^lflss-Tiiic.u molding formed fr-cim glass fmd mita 
powders . 

5 * 1'ho electrode device as set fgTth in claiiii 1 further 

comprising an insulating coating profided on at. least a portion 

of an outer surface qF said insulated pip^ joints . 

&- The electrode- dovico hs set forth in claim S. wherein 

said insul&ting coating is: poiyte-trajfUiorDetbylene , 

7, Th& electrode device as set forth in claim 6 vherwin 

said insulating coating comprises a resin of thermally slirinkable 

no ly t e- 1 r a f luor o et hyl e ne- . 

The el&ctrode device as set forth in claim 5 nhox&in 
said insulating coating comprises a resin of dipbBnyl oxide. 

9, like electrode device as set forth in any of claims 5-7 
further comprising a protective layer of insulation .upon, &t ' ■ 
least a portion of said insulating coating 

10. the Dl^ctrode devico as set forth in any of claims 5-7 
fuTfchev comprising a protective layer of insulation upon nt 
least a portion o£ said insulating coating , said layer of 
protective insulation comprising a material selected from the 
group consisting of polyethylene > polypropylene and polyvinyl chloride. 
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11 » An clfinr;ri>flo flev;f,[:R for ulciotx ically beating under- 

ground deposes hydrocarbons comprising a plurality o£ intev- 
connected well pipe eect.ionB, a,n LOLootrodei Eidu^t^d to bo disposed 
in an un^ercjrovuKS dep^mit of hydrocarbons supplying olec uric 
current to said underground deposit r a.t least una insulated pipe 
joint including £i first tubular member comprised of a v;cll pip? 
section having u flange pox lion at on£ tnd tberpaf , ii feecend tabu- 
lar inembtijr cOinpx £w3 o£ said eXectsrudu di^pon^d in LilignlUOrtt 
with said lirtt tubular member, a cOy^r member carried by saf.d 
Escond tubulins ntQitibtir having □ cup portion a.t one end tharoo.t 
disposed in overlying rc lotion to said flange ,portioi> Libov<i said 
firgt tubul^i JtiOiVib&r vi fch. a gap therebetween , an insulating member 
disposed in bald gap between aaid flan^O portion and yaid cap 
portion for herinot/icsftlly coupling said rir^t and second tubular 
member nxvi for electrically xueu l&ting said first and second 
tubular Ju.ejr.bBrs from one another , c^ble meane connoctsd to said 
electrodes for Supplying an electric current to aald eloctxode and 
ah insulating coating provided on cut least a?x outer surface of 
s;fticl insulating pipe ^oiat. 




